Interleukin (IL)-1␤ and IL-6 have been implicated in brain development, injury progression, and fetal/maternal immune interactions. We examined IL-1␤ and IL-6 protein expression in cerebral cortex (CC) and white matter (WM) from non-ischemic ovine fetuses at 87-90, 122-127, and 135-137 days of gestation, pregnant ewes at 87-90 and 135-137 days of gestation, and fetuses exposed to 48 or 72 h of reperfusion after ischemia. Protein expression was determined by Western immunoblot. In non-ischemic CC, IL-1␤ was higher (P < 0.05) in adult sheep and fetuses at 135-137 than 87-90 and 122-127 days, and IL-6 higher at 122-127 than 87-90 days, and in adults than fetuses at 87-90, 122-127, and 135-137 days of gestation. In non-ischemic fetal WM, IL-6 was higher at 135-137 than 87-90 days, but IL-1␤ did not differ. In CC, IL-1␤ was higher in ewes at 135-137 than 87-90 days and IL-6 at 135-137 days and in non-pregnant adults than ewes at 87-90 days of gestation. In WM, IL-1␤ was higher in ewes at 135-137 than 87-90 days of gestation, but IL-6 did not differ. Forty-eight and 72 h after ischemia, CC IL-1␤ was higher than in non-ischemic fetuses. Seventy-two hours after ischemia, IL-1␤ and IL-6 were higher in WM than CC. In conclusion, IL-1␤ and IL-6 exhibit developmental regulation in fetal brain, change during gestation in brains of pregnant ewes, show regional differences in normal brains of fetuses and ewes, demonstrate differential responses after ischemia in CC and WM, and IL-1␤ but not IL-6 increases after ischemia in CC.
Introduction
Cytokines are low-molecular-weight proteins that mediate an array of functions in non-immune tissues including the central nervous system (CNS) (Deverman and Patterson, 2009; Lai et al., 2011; Pantoni et al., 1998; Thaxton and Sharma, 2010) . IL-1␤ and IL-6 are two of the most widely studied pro-inflammatory cytokines that contribute to CNS damage (Denker et al., 2007; Dinarello, 2000) . Although previous studies suggest that cytokines produced normally and pathologically during critical stages of fetal development affect normal CNS development, function, and behavior in later life, there is very little information regarding developmental changes in cytokine expression in different brain regions during gestation (Deverman and Patterson, 2009; Dziegielewska et al., 2000; Moro et al., 2008; Schmitz and Chew, 2008) .
Cytokines are also critical in interactions between the maternal immune and reproductive systems and in establishing and maintaining pregnancy (Hanna et al., 2000 (Hanna et al., , 2006 Hill, 1992; Makhseed et al., 2000; Thaxton and Sharma, 2010; Wegmann et al., 1993) . Both IL-1␤ and IL-6 synthesis has been documented in human placenta and placental cytokine expression changes in a gestational age-dependent manner (Hanna et al., 2000 (Hanna et al., , 2006 Hu et al., 1992; Kameda et al., 1990) . However, maternal brain cytokine expression has not been examined, to the best of our knowledge, in any species during advancing gestation.
Hypoxic-ischemic brain injury is the most prevalent neurologic problem in the perinatal period (Volpe, 2001 ). Hypoxia-ischemia initiates an inflammatory response in the brain that is associated with the induction of cytokines including IL-1␤ and IL-6 (Hagberg et al., 1996; Szaflarski et al., 1995) . Although increases in proinflammatory cytokines may exacerbate brain damage, IL-6 can mediate both pro-and/or anti-inflammatory effects after ischemia (Pantoni et al., 1998) . Even though pro-inflammatory cytokines are elevated after ischemia, limited information is available regarding ischemia-related changes in cytokines in the fetal brain of a precocial species such as sheep.
The ovine fetus has been extensively used to investigate many aspects of CNS development (Back et al., 2006; Gunn et al., 1997; Riddle et al., 2006; Stonestreet et al., 1999 Stonestreet et al., , 2000 . The neurodevelopment of the immature ovine brain is similar to that of premature
